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The extreme molecular conductivity of the free base, A,, is 
the sum of 28.4 and 195.8 (the extreme mobility of hydroxyl 
ions), or 224.2. 

Ethyl phenylisourea was prepared, purified, and tested for 
purity exactly as the methyl derivative. 

0.4806 gram substance required 29.30 cc. tenth-normal HC1. 
Calculated, 29.27 cc. 

The meas~irements and the calculation of the affinity constant, 
K, follow: 

'rABLE VItI .  
h v .  1ooa. 105 K. 

V.' I. 11. I. 11. I. 11. 
26.03 0.822 0.822 0,367 0.367 0.052 0.052 
52.07 1.118 1.108 0.499 0.498 0.048 0.048 

104.13 1.580 1.571 0.705 0.701 0.048 0.048 
208.26 2.314 2.285 1.032 1.019 0.052 0.050 

416.53 3.469 3.383 1.54s 1.510 0.058 0.056 
833.06 5.406 5,253 2.412 2.344 . . . .  .... 

-- -__ 
Mean : o.051 ; o.051 

Here again the substitution of the ethyl for the methyl group 
doubles the strength of the base. 

For his interest, constant aid and advice, I wish here to  express 
my great sense of obligation and gratitude to Professor Stieglitz. 
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The method of obtaining the orthoaminobenzonitrile published 
by Bogert and Hand1 having given such satisfactory results in 
every respect, it seemed probable the meta compound could be as 
readily prepared by the same method. I t  was thought the amino 
group would prove to be as reactive as that in metanitraniline and 
by entering into the usual aniline reactions would yield a series of 
nitriles which apparently have not as yet been prepared, though 
their corresponding acids and amides have been studied by 
Chancel, Hofmann, Menschutkin, Griess, Schiff, Traube and 
others. 

For the preparation of m-nitrobenzonitrile, two methods were 
used. The first was that described by Bogert and Hand2 for the 
preparation of the corresponding ortho compound. Starting with 
metanitraniline, the amino group was replaced by cyanogen by the 
Sandmeyer reaction. This method was found to give fairly satis- 
factory results with the meta compound but the yields were always 
lower than those obtained with the ortho body, owing to the 
marked tendency of the metanitrodiazonium chloride to double 
into a 3-g'-dinitrodiphenyl by loss of nitrogen, similar to the reac- 
tion discovered by NiementowskP in the preparation of the chlor- 
anilines. The metanitraniline seems to be much more favorable 
to the production of diphenyl derivatives than the ortho compound 
and no conditions were found under which their formation in con- 
siderable quantities could be avoided. 

This unavoidable decrease in the yield due to the formation of 
diphenyl compounds led to experiments on the direct nitration of 
benzonitrile and a method was finally found, practically that of 
Schopff ,4 which gave entirely satisfactory results. For the reduc- 
tion of the nitronitrile, the method used was that described by 
Bogert and Hand5 for the preparation of the orthoaminonitrile. 
The reducing agent is a solution of stannous chloride in concen- 
trated hydrochloric acid, the hydrochloride of the amino body be- 
ing thrown out of solution by a large excess of the concentrated 
acid as recommended by Friedlander.6 The free base is readily 

1 This Journal, 24, 1033. 
* LOG. Lit. 
8 Ber. d .  chem. Ga.. 34,  3325. 
4 ?bid., 18, 1063. 
6 LOC. ci l .  
e Monatsh. Chem., 19, 627. 
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obtained from the hydrochloride by dissolving in water, adding 
dilute alkali in excess and extracting the solution with ether. By 
this procedure, the m-aminobenzonitrile is readily prepared in con- 
siderable quantity and the purification of the crude product is very 
easily accomplished. There is little or no loss by saponification in 
either the nitration or reduction reactions and both operations are 
entirely free from the production of tar or troublesome by-procl- 
ucts. 

m-Aminobenzonitrile reacts with acids, their anhydrides and 
chlorides and in some cases with their esters to form In-cyanani- 
lides which are analogous to the nitranilides produced by similar 
reactions with m-nitraniline. 

These substances are the hitherto unknown nitriles of previously 
described acids and in nearly all cases, are easily hydrolyzed by 
alkaline hydrogen peroxide to the intermediate amides, many of 
which have not as yet been described. 

In general, the derivatiyes having the structures 
NH.C,H,CN CO.NHC,H,CN 

x co. s 
where X may be the group NH,, NHC,H, or OC,H,, undergo a 
rather interesting decomposition on heating. In cases where the 
decomposition occurs, two molecules of the unsymmetrical com- 
pound react to produce a molecule each of two symmetrical com- 
pounds, as for example, 

o=c\ / and j 

H,C,NH .CO. NHC,H,CS ,"C,;H, NHC,H,CN 
= o  : c\ t o :  C( 

SHC,>H,  'SHC,H,CN \ H,C,NH. CO. NHC6H4CX 
m-Aminobenzonitrile also reacts with chloral and bromal to pro- 

duce addition and condensation products similar to those produced 
from chloral and the nitranilines. 

EXPERIMENTAL,. 
PREPARATION O F  lLIETANITROBENZOiGITRILE. 

( I )  Frorn Metniaitraizilzize.-The method used was that de- 
scribed by Bogert and Hand1 for the preparation of the o-nitro- 
benzonitrile. Ey making use of a mechanical stirring apparatus, 
it was found possible to work with half molecular quantities, the 
details of the operation being as follows: 

1 I oc C l /  
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To 1 0 0  cc. of concentrated hydrochloric acid, are added 6g 
grams of finely pulverized In-nitraniline and a little water and the 
mixture warmed gently. The warming and addition of the water 
in small portions are continued until solution is just effected, when 
the volume is made up to about 1 5 0 0  cc. and the solution is stirred 
rapidly until cold. Usually no nitraniline separates but if it does, 
under these conditions it will be in a finely divided form and will 
diazotize very readily. When cooled to 20°, a solution of 35 
grams of sodium nitrite in 200 cc. of water is allowed to run into 
the mixture, drop by drop, with constant stirring. A b u t  two 
hours are necessary for the addition of the sodium nitrite solution 
and the mixture should then be stirred for an hour longer to in- 
sure a complete reaction. The diazo compound is added in very 
small portions and with constant stirring to a cuprous-potassium 
cyanide solution prepared by dissolving 125 grams of crystallized 
copper sulphate in 750 cc. of water, adding 140 grams of potassium 
cyanide in sufficient water, to  the hot solution. This cuprous- 
potassium cyanide solution is kept at a temperature between go" 
and 100' during the addition of the diazo mixture. To secure 
the best results, it is essential to keep the temperature between the 
limits given and to add the diazo compound in very small portions 
and with constant agitation of the reaction-mixture. When all 
has been added, the solution is at once filtered through a hot-water 
funnel. On cmling, the m-nitrobenzonitrile separates from the 
solution in long, light yellow, feathery needles. The reddish-brown 
tar, chiefly 3-3'-dinitrodiphenyl, is repeatedly extracted with 
boiling water until it yields no more of the nitronitrile. The 
m-nitronitrile seems to show little tendency to retain mineral 
cyanides as is the case with the ortho compound and hence its 
purification is much simpler, a single recrystallization from dilute 
acetic acid usually being sufficient to yield a pure product. 

The average of the results obtained from several experiments, 
using the charges given above, was about 40 grams of pure m- 
nitronitrile and about 30 grams of tarry by-products. Since these 
results are far from being as satisfactory as those obtained with 
the ortho compound, various modifications as to temperature, pro- 
portions and other conditions were tried but the best method 
seemed to be that given above. 
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( 2 )  By Nitration of Beri=oIzztrile.--Hofmannl nitrated benzo- 
nitrile by the action of a mixture of concentrated sulphuric acid 
and fuming nitric acid and obtained nz-nitrobenzonitrile. H e  
states that it is necessary to work with small quantities of material 
and to keep the temperature down to avoid the production of 
large amounts of nitrobenzoic acid. 

SchopffZ has applied the method of nitrating benzaldehyde to 
benzonitrile, using a mixture of concentrated sulphuric acid and 
the calculated amount of potassium nitrate and it was by prac- 
tically this same method that we were most successful in obtaining 
large quantities of 11%-nitrobenzonitrile. The method in detail is 
given as follows: 

To IIO grams of pulverized potassium nitrate, are added 300 
cc. of concentrated sulphuric acid and the mass well mixed and 
cooled to IO'. To this mixture are added, drop by drop, and with 
constant stirring, 100 grams of benzonitrile. During the addition 
of the nitrile, the temperature must be watched carefully as it is 
essential that it should not rise above 20'. In order to maintain 
this condition, the mixture is surrounded with ice-water when 
necessary. After a time the acid potassium sulphate begins to 
separate, forming a thick, pasty mass which is difficult to stir and 
at this point there is a constant tendency for the temperature to rise 
a b v e  zoo, so that ice or even ice and salt are necessary to prevent 
loss of the product by overheating. The addition of the benzo- 
nitrile requires about three hours and the mixture is then allowerl 
to stand in the cold for an hour to insure a complete reaction. The 
thick, pasty mass is then added gradually and with stirring, to 
a b u t  two liters of water containing cracked ice. On coming into 
contact with the water, the product solidifies into a yellow mass, 
which is broken up and stirred well with the cold water. I t  is fil- 
tered with suction and washed several times with cold mater. It is 
then removed from the funnel and the mass broken up with dilute 
ammonia, filtered and washed. This treatment is continued until 
the ammoniacal filtrate is only very slightly yellow in color. 

.About 118 grams of this product are usually obtained. This is 
recrystallized once or twice from dilute alcohol or dilute acetic 
acid, when a nearly pure product, melting at 115' to 1 1 6 O ,  is ob- 

' Lor. C l f  

2 Lor C l i .  
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tained. By using this method as given, one kilo of benzonitrile 
yielded 889 grams of pure m-nitrobenzonitrile, or about 89 per 
cent. of the weight of the benzonitrile used. 

When perfectly pure, m-nitrobenzonitrile forms long, slender, 
silky needles of a slightly yellowish color, melting at I I ~ ' - I I ~ . ~ '  

(corr.). When heated above its melting-point it readily sublimes 
in long, fluffy needles which are nearly colorless. I t  is easily vola- 
tile with steam. Cold glacial acetic acid, chloroform, ethyl acetate, 
acetone and ether dissolve the compound very readily. I t  is solu- 
ble in hot water, slightly in cold, and easily soluble in hot absolute 
alcohol, methyl alcohol, carbon tetrachloride, benzene and c a r b n  
disulphide, and insoluble in petroleum ether. 

PREPARATION OF METAMINOBENZONITRILE. 

The preparation of the nt-aminobenzonitrile from the nitro com- 
pound is very readily accomplished by the method given by Bogert 
and Hand1 for the reduction of the orthonitrobenzonitrile. 

The method giving the best results is to dissolve 500 grams of 
stannous chloride in about I 500 cc. of concentrated hydrochloric 
acid. To  this solution 100 grams of m-nitrobenzonitrile are very 
gradually added in small portions and with stirring. With each 
addition of the nitro compound, the temperature rises markedly 
and the rate of addition should be so regulated that the tempera- 
ture does not exceed 40'. After a time silky white crystals of 
the double chloride of tin and tlie aminonitrile begin to separate. 
sometimes in such quantities as to render stirring the mass im- 
possible. When this occurs, a little water is added and the reac- 
tion-mixture is gently heated in a water-bath until solution is 
effected and after cooling, the addition of the nitronitrile contin- 
ued. After all has been added, the mixture is carefully heated 
until all the crystals are dissolved and then allowed to cool to 
room temperature, being finally cooled for several hours in a 
freezing mixture of ice and salt. If much water has been added 
during the reduction, an equal volume of concentrated hydro- 
chloric acid should be added to the cold solution in order to insure 
a satisfactory precipitation of the chloride, but this will usually 
be unnecessary. The fine granular crystals of the chloride are 
filtered off on a porcelain plate and washed with a small quantity 
of concentrated hydrochloric acid, previously cooled to -10'. 

1 La. cil. 
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The crystals will still retain a considerable quantity of tin salts, 
but it is best to wash with only a very small amount of the acid 
and separate the rest of the tin by other means. Very little of 
the aminonitrile remains in the mother-liquors and it has not been 
found practicable to recover this. During the process of reduc- 
tion there seems to be little or no tendency toward hydrolysis of 
the nitrile group at temperatures below 40". 

For obtaining the free base from the chloride, either of the 
following methods may be used. 

( I )  If the substance is sufficiently free from tin salts, it is 
convenient to add it in small portions to an excess of dilute am- 
monia water kept cold by ice. The free base will then separate 
almost completely in pure white needle crystals. 

( 2 )  Since it is very difficult and sometimes impossible to wash 
out all the tin salts without considerable loss of the amine chloride, 
it was found best to dissolve it in about 200 cc. of water con- 
tained in a liter separatory funnel. ,4 quantity of cracked ice is 
then added, followed by ether and finally small portions of sodium 
hydroxide solution until the mixture becomes alkaline. The tin 
hydroxides at first precipitated will be redissolved and the free 
aminonitrile is at once taken up by the ether. The alkaline solu- 
tion is extracted several times with ether, the ethereal solution 
dried with calcium chloride and the ether then nearly all removed 
by distillation. The concentrated.etherea1 solution is then allowed 
to crystallize, yielding. finally, a solid mass of fine needle crystals. 
The product thus obtained will usually be very nearly pure. If 
necessary. lio\vever, it may be recrystallized from carbon tetra- 
chloride or gasoline. One crystallization will give a perfectly pure 
compound. The yield of the aminonitrile as obtained from the 
ethereal solution averaged from 65 per cent. to 70 per cent. of 
that theoretically obtainable from the nitronitrile. 

wz-Avziiiobeii wo1z itrile, 
.CN 

crystallizes from its ethereal solution in large hexagonal prisms, 
usually slightly colored. From carbon tetrachloride it is obtained 
perfectly pure, in long white, silky needles, melting at 53"-53.5" 
(corr.). It is very soluble in cold chloroform, ethyl acetate, ace- 
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tone, methyl and ethyl alcohols. I t  is easily soluble in hot carbon 
disulphide, carbon tetrachloride, and somewhat soluble in hot 
water, gasoline and petroleum ether. It distils without decom- 
position. 

Dr. Ferrero, working in this laboratory, attempted the prepara- 
tion of nz-aminobenzonitrile by the Griess method,l but found it 
to be quite unsatisfactory. From 20 grams of nz-uraminobenzoic 
acid he succeeded in obtaining only 5 grams of very crude amino- 
nitrile, which was difficult to purify. By recrystallization from 
carbon tetrachloride a fairly pure sample was finally obtained, 
melting only slightly lower than the product obtained by the 
other methods, but the process was troublesome and the method 
was abandoned. 

Chloride of i~-Amiizobenzonitrile, 
,CN 

-To prepare this salt, nz-aminobenzonitrile was dissolved in dry 
ether and to this solution a cold saturated solution of dry hydro- 
chloric acid gas in dry ether was added in excess. The chloride 
is precipitated in fine, white crystals, from which the excess of 
acid is removed by careful washing with dry ether. The salt 
thus prepared forms a mass of silky, white crystals, which, on 
heating, decompose without melting. I t  is insoluble in ether, 
ethyl acetate, benzene, carbon tetrachloride, carbon disulphide and 
chloroform. Slightly soluble in absolute alcohol and very soluble 
in water. The salt may be recrystallized from alcohol, forming 
light, pearly flakes. I t  is apparently only slightly dissociated by 
water and is stable in the air, differing markedly in this respect 
from the ortho compound. 

Isophthalonifrile, 

--This compound has been prepared almost entirely from the 
various sulpho salts by dry distillation methods, but usually in a 
more or less crude condition, as shown by the melting-points given 
in the literature. 

1 Ber. d .  chem. Ges , 8. 860. 
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Luckenbach' prepared the compound by the removal of hydro- 
gen sulphide from isophthalothiamide, giving the melting-point of 
the pure substance as I jg0-160". Reinglass? obtained the nitrile 
by dehydrating iiz-cyaiibeuzaldoxime and gives the melting-point 
as 157'. 

For the preparation of the compound, m-aminobenzonitrile was 
diazotized and the diazo group replaced by the cyanogen group 
by the Sandmeyer reaction, as described for the preparation of 
the aminonitrile above. The brownish-yellow reaction-product 
was dried and extracted with benzene. The crystals obtained 
from the benzene solution are best purified by dissolving in ethyl 
acetate and adding gasoline to the hot solution. Thus purified, 
the isophthalonitrile is obtained as fine, white needles, melting at 
161.5'-162' (corr,), I t  is very soluble in cold chloroform and in 
hot absolute alcohol, methyl alcohol, benzene, ethyl acetate and 
ether, and fairly soluble in hot carbon tetrachloride and water. 
I t  is insoluble i n  gasoline, petroleum ether and carbon disulphide. 

DERIVATIVES O F  METAMINOBENZ0Z;ITRILE WITH T H E  FAT T T  ACIDS. 

Formyl-iiz-cr)tr iir obenzoizitrzle, 
,cs 

C,H4\ 
3IH.CO.H 

-Five grams of nt-aminobenzonitrile were added to  about j cc. of 
glacial formic acid. The aminonitrile dissolved with the evolu- 
tion of considerable heat and the reaction was completed by gently 
warming for a half hour. On  cooling, the reaction-product solidi- 
fied to a brownish cake, which was broken up with cold water, 
filtered and washed to remove excess of the acid, and then re- 
crystallized from hot water. The compound crystallizes in white, 
microscopic needles, which melt at I j 0 . 5 " - 1 5 1 "  (corr.). On 
adding ammoniacal silver nitrate to its aqueous solution, a white, 
crystalline precipitate of a silver derivative corresponding to that 
obtained with formanilide, is at once formed. If this compound 
is gently heated with water, it dissolves and then deposits metallic 
silver. 

The formyl derivative is soluble in water, chloroform, absolute 
alcohol, methyl alcohol, and very soluble in ethyl acetate and 

1 Bev d.chcnt G e s ,  17, 1430 
2 /bid ~ 24.  2416. 
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acetone. It is slightly soluble in hot benzene and ether, and in- 
soluble in carbon tetrachloride, carbon disulphide and petroleum 
ether. 

On analysis, the compound gave 19.25 per cent. N. Calculated, 
19.18 per cent. 

A cetyl-m-nnzino b eizzonitrz le, 

c6H4(cN NH.CO.CH, 

-nt-Aminobenzonitrile dissolves in acetic anhydride with a low- 
ering of the temperature and then after standing a few minutes, 
the reaction begins with the liberation of considerable heat. The 
excess of acetic anhydride and acetic acid is very gently boiled off 
and, on cooling, the brownish oil remaining solidifies. "his is dis- 
solved in hot water and allowed to crystallize. Sufficient water 
must be added to prevent separation as an oil. The acetyl de- 
rivative crystallizes in fine, white needles, melting at 130.5°-1310 
(corr.). I t  is very easily soluble in cold ethyl acetate, acetone, 
absolute alcohol, methyl alcohol, chloroform, glacial acetic acid, 
and in hot water and benzene. It is slightly soluble in hot ether, 
and insoluble in carbon tetrachloride, carbon disulphide and pe- 
troleum ether. 

Calculated: 
C, 67.50; H, 5.00; W, 17.73. 

The analysis gave: C, 67.63; H, 4.96; N, 17.50. 

Propionyl-m-amino benzonitrzle, 

-For the preparation of this derivative the aminonitrile is dis- 
solved in propionic anhydride. The reaction takes place in much 
the same way as with the acetyl compound, except that there is 
apparently no evolution of heat. After warming gently for some 
time and then carefully distilling off the excess of anhydride and 
acid, the remaining oil is cooled and dissolved in dilute alcohol, 
treated with bone-black and allowed to crystallize. The crystals 
thus obtained are nearly colorless, minute needles. Recrystallized 
from benzene and a small amount of petroleum ether, the sub- 
stance is obtained as perfectly white, brilliant needles, melting at 
83.5"-84" (corr.). 
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The propionyl derivative is very easily soluble in cold ethyl 
acetate, absolute alcohol, methyl alcohol, chloroform, acetone and 
ether. It is soluble in hot benzene, carbon tetrachloride and car- 
bon disulphide, and slightly soluble in hot water and petroleum 
ether. 

Cal- 
culated, 16.09 per cent. 

The analysis of the substance gave 16.07 per cent. N. 

Noriiialb ictyryl-~n-aininobeIlzo,litnle, 

PN Cti*,\ 
NH. CO.C,H, 

-This derivative was prepared by heating the aminonitrile with 
an excess of normal butyric anhydride at its boiling-point for an 
hour. The principal part of the anhydride and acid remaining 
was removed by careful evaporation and the resulting oil cooled 
and treated with hot water. On cooling in a freezing-mixture, the 
oil solidified and was removed from the water and recrystallized 
from dilute alcohol after treatment with bone-black to remove 
a slight reddish coloring matter. It was found best to  crystallize 
the material by dissolving in a small amount of alcohol and then 
adding water till the solution became milky. The solution is then 
placed in a freezing-mixture and if, on cooling, an oil separates, 
just sufficient alcohol is added to  effect complete solution. From 
such a solution the butyryl compound separates out almost com- 
pletely in the form of white, shining flakes. By dissolving in ben- 
zene and adding a little petroleum ether, it is obtained in the 
same form, but the crystals are somewhat larger. The melting- 
point of the pure substance is 7z.5O-73.5" (corr.). 

The compound is very soluble in cold ethyl acetate, absolute 
alcohol, methyl alcohol, chloroform, benzene, ether and acetone. 
It is soluble in hot carbon tetrachloride, carbon disulphide, and 
very slightly in hot water. I t  is insoluble in petroleum ether. 

Calculated, 14.89 per 
cent. 

The analysis gave 14.85 per cent. N. 

Isobzct~ryl-m-aminobenzonitri[e, 
,CN 

NH.  CO.CH(CH,), 
C&*( 

-"he isobutyryl derivative was prepared and crystallized in the 
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same general way as for the normal butyryl compound just de- 
scribed. From dilute alcohol or a mixture of benzene and petro- 
leum ether it is obtained in brilliant, white, pearly flakes, melting 
at IOIO (corrq). 

It is very easily soluble in cold ethyl acetate, absolute alcohol, 
methyl alcohol, chloroform, acetone and ether, and in hot ben- 
zene, carbon tetrachloride and carbon disulphide. I t  is very 
slightly soluble in hot water and insoluble in petroleum ether. 

Calcu- 
lated, 14.89 per cent. 

An analysis of the substance gave 15.23 per cent. N. 

Isovaleryl-m-amino benzonitrile, 
.CN 

NH.CO.CH,. CH(  CH,), 
C&( 

-This compound was prepared and crystallized in the same way 
as described for the butyryl derivatives. Considerable difficulty 
was experienced in obtaining a sharp-melting product, the melt- 
ing-point rising slightly at each crystallization from dilute alcohol, 
from 74" up to 77". Recrystallization of this product from a 
mixture of benzene and petroleum ether yielded crystals which 
melted at 77"-78" (corr.), and this melting-point could not be 
further raised by recrystallization. As obtained in this way, the 
substance forms nearly white, pearly flakes, which are very easily 
soluble in cold absolute alcohol, methyl alcohol, ethyl acetate, 
chloroform and ether. I t  is easily soluble in hot benzene, carbon 
tetrachloride and carbon disulphide, and is insoluble in petroleum 
ether. 

A determination of nitrogen gave 13.95 per cent. N. Calculated, 
13.86 per cent. 

The acyl derivatives of waminobenzonitrile described are all 
well defined, crystalline bodies, and are easily obtained in pure 
condition. I t  is interesting to note that, with increasing number 
of carbon atoms in the aliphatic chain, there is a decrease in the 
melting-point, approaching that of the unsubstituted aminonitrile, 
and that compounds having the is0 structure melt higher than 
those with normal chains. These facts were also observed with 
the corresponding compounds of the ortho series and with the 
quihazolines derived from them. The compounds of ,the meta 
series also show an increase in general solubility with increase of 
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molecular weight. The formyl derivative is soluble in dilute 
caustic alkali and yields a silver derivative by direct precipitation 
with ammoniacal silver nitrate, but the other members of the 
series do not seem to be more soluble in alkali than in water, and 
do not yield silver salts by direct precipitation. None of the acyl 
derivatives of this series were found to be volatile with steam, 
differing in this respect from the ortho compounds. 

H Y D R O L Y S I S  O F  T3IE S I T R I L E  GROUP. 

m-Acetamiizo beneamide, 
,CO.NH, 

-A very convenient and satisfactory method for the hydrolysis 
of the nitrile group to the corresponding amide was found to be 
by use of alkaline hydrogen peroxide, as described by Radzis- 
2ewski.l The method was carried out as follows: 

Six grams of vz-acetaminobenzonitriie were heated on the water- 
bath with a b u t  50 cc. of a 3 per cent. solution of hydrogen perox- 
ide and just sufficient potassium hydroxide to give an alkaline 
reaction. In about an hour all the crystals had dissolved to a 
clear, yellowish solution, which was digested for an hour longer, 
treated with bone-black and allowed to crystallize. The amide 
crystallizes in fine, white needles, which are purified by rearysta!- 
lization from hot water. The melting-point of the pure substance 
was found to be 216~-216.5~ (corr.). I t  is easily soluble in hot 
water, ,lightly in cold. It is soluble in hot absolute alcohol and 
methyl alcohol, very slightly in hot ethyl acetate, carbon tetra- 
chloride, carbon disulphide, chloroform, acetone and benzene, and 
insoluble in ether and petroleum ether. 

CP,\ 
N H .  CO. CH, 

DERIi'ATIVES OF M E T A ~ ~ I N O n E N Z O N I T R I L E  WITH AROMATIC ACIDS. 

For the preparation of the aromatic acid derivatives of ?warnin+ 
benzonitrile the Schotten-Eaurnann? reaction was used. I t  was 
later found that a much more convenient and satisfactory method 
was to dissolve the aminonitrile in pyridine and add to this solu- 
tion the calculated amount of the acid chloride or a solution of 
the latter in pyridine. Under these conditions a complete reac- 
tion is secured without the use of alkali. The mixture becomes 

1 Ber. d chem. Go, 18 .35 j  
2 Idrd., 19, 3218 
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warm and after the reaction is complete, water is added to take 
up the excess of pyridine and its hydrochloride. The product is 
then obtained as an oil, which changes to a crystalline solid on 
stirring. 

Benzoy 1-m-amino benzo ititrile, 
.CN 

C,H ’ 
“NH. CO.C,H, 

-This compound was prepared by dissolving 3 grams of the 
aminonitrile in dilute alcohol and adding 5 grams of benzoyl chlo- 
ride. When the mixture had cooled, a little sodium carbonate 
solution was added and the mixture warmed on a water-bath. 
The addition of the carbonate was continued until the solution 
showed a slight alkaline reaction. On cooling and stirring, the 
oil solidified to a white, crystalline mass, which was recrystallized 
from dilute alcohol. The benzoyl derivative separates as pearly 
flakes which, when pure, melt sharply at 1 4 1 . 5 ° - 1 1 2 0  (corr.). Bv 
crystallizing from carbon tetrachloride containing a little ethyl 
acetate it is obtained in long, glistening needles. I t  is very easily 
soluble in cold ethyl acetate, acetone and chloroform, and in hot 
absolute alcohol, methyl alcohol, benzene and carbon tetrachlo- 
ride. The compound is slightly soluble in hot water, ether and 
petroleum ether, and insoluble in carbon disulphide. 

An analysis of the substance gave: C, 75.48; H, 4.57; N, 1 2 . 8 5 .  

Calculated: C, 75.67; H, 4.50; N, 12.61. 
m-Nitro benzo~ l -m-a~n inobe~~ ,~o i i~ t r i l c ,  

,CN 
C6H4( 

NH.  CO.C,H,NO, 
--This compound was prepared by dissolving the aminonitrile in 
dilute alcohol, adding the calculated amount of finely pulverized 
m-nitrobenzoyl chloride and then sodium carbonate, as in the 
preparation of the benzoyl derivative. I t  is much more con- 
veniently prepared by dissolving the nitrile and chloride in sep- 
arate portions of pyridine, mixing the solutions and precipitating 
the reaction-product by the addition of water. 

By recrystallization from alcohol it is obtained in fine, white 
needles, which melt at 196.5~-197~ (corr.). It is very soluble in 
cold acetone and ethyl acetate, and in hot absolute alcohol and 
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methyl alcohol. I t  is slightly soluble in hot benzene and ether, 
and insoluble in water, chloroform, carbon tetrachloride, carbon 
disulphide and petroleum ether. 

Calcu- 
lated, I j.73. 

An analysis of the substance gave 1j.63 per cent. N. 

p-Nitro benzoyl-na-awino bemotzitrile, 

C 6 , X C N  
NH. CO. C,H,NO, 

-The preparation of this substance was carried out exactly a5 
described for the meta compound. As in the case of the latter, it 
was found much more convenient to bring about the reaction in 
pyridine solution. 

The para compound is obtained from its solution in bailing 
alcohol as light yellow needles, which melt at 2 50'-251 O (corr.). 
It is soluble in hot acetone, absolute alcohol, methyl alcohol, glacial 
acetic acid, ethyl acetate and isobutyl alcohol. I t  is insoluble in 
water, benzene, carbon tetrachloride, carbon disulphide and chloro- 
form. 

B enzeneszilp ho ne-m-anz iizo be nzo tz 1 trt le,  C,H S 0,. N H C,H, CN. 
-For the preparation of this compound 3 grams of the amino- 
nitrile were dissolved in dilute alcohol and 4.5 grams of benzene- 
sulphone chloride added and the mixture warmed with sodium 
carbonate solution. On cooling, a white, crystalline solid sep- 
arates, which is best recrystallized from water or dilute alcoho!. 
From the latter solvent it is obtained as long, silky, white needles, 
melting sharply at 126.5~-127O (corr.). It is soluble in cold ethyl 
acetate, acetone, ether, absolute alcohol, methyl alcohol and chloro- 
form. It is soluble in hot benzene and water, and insoluble in 
carbon tetrachloride, carbon disulphide and petroleum ether. 

The sulpho compound is easily soluble in cold dilute potassium 
hydroxide solution or carbonate solution, and is precipitated un- 
changed by neutralizing with dilute hydrochloric acid. It is also 
soluble in ammonia water and i f  silver nitrate solution is added 
to the ammoniacal solution, a white crystalline precipitate of a 
silver salt is produced. 

A determination of sulphur in the compound gave 12.29 per  
cent. S. Calculated, 12.30 per cent. 



METAMINOBENZONITRILE.  479 

DERIVATIVES OF CARBONIC AND THIOCARBONIC ACIDS. 

m- Cympheizy Izwethane, 
,CN 

NH.CO.OC,H, 
CP,( 

-The acid corresponding to this nitrile -has been prepared by 
Griessl and the amide by Wachendorff.2 The latter was ob- 
tained by heating the ethyl ester with aqueous ammonia and is 
described as crystallizing from benzene in fine needles, melting 
a t  I 57'-I 58". 

For the preparation of the nitrile 5 grams of m-arninobenzo- 
nitrile are dissolved in dilute alcohol and a small amount of sodium 
carbonate added. T o  this cold solution are added 5 grams of 
ethyl chlorcarbonate. The mixture becomes hot and, as the reac- 
tion progresses, carbon dioxide is evolved. After a few minutes, 
more water is added and the mixture warmed on the water-bath. 
The  urethane derivative separates as a dark-colored oil. The  
reaction mixture is cooled in ice-water and the oil gradually solidi- 
fies to a crystalline mass. This is recrystallized from dilute alco- 
hol, best in a refrigerator, since the substance tends to separate 
as  an oil, especially at room temperature. The yield of the pure 
substance is about 7 grams. 

The urethane derivative forms short, prismatic crystals, melting 
at 61'-62' (corr.), and is very soluble in cold ethyl acetate, ether, 
benzene, absolute alcohol, methyl alcohol, acetone and chloroform. 
It  is easily soluble in hot carbon disulphide and carbon tetra- 
chloride, and slightly in hot water and petroleum ether. 

An analysis of the compound gave 14.83 per cent. N. Calcu- 
lated, 14.74 per cent. 

On digesting the urethane derivative with hydrogen peroxide 
and a little sodium hydroxide the compound melts to  an oil and 
gradually goes into solution, from which m-urethanebenzmide, 

C,H,<Co."' 
NH. CO.OC,H, 

crystallizes in fluffy, white flakes, melting at 15g'-160', and corre- 
sponding in every way to the compound obtained by Wachen- 
dorff. 

L Ber. d .  chcm. Ga., 9. 796. 
2 (bid., 1 1 ,  701. 
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nt-Cya.lzphelzylurea,aphegaylurea, 
I\JH.C,H,CS 

S H- 
0-c\ / 

-The acid and the amide corresponding to this nitrile and many 
derivatives of each have been prepared by Menschutkin' anti 
Griess. 

For the preparation of the nitrile 3.5 grains of w-aminobenzo- 
nitrile are dissolved in dry ether and to this solution is added a 
cold saturated solution of dry hydrochloric acid gas in dry ether. 
The chloride is at once precipitated as a fine, white, crystalline 
mass, which is filtered off and washed with ether until free of 
hydrochloric acid and the ether evaporated in a vacuum desiccator. 
The chloride IS then dissolved in  a small amount 01 water and to 
this solution is added an aqueous solution of 2.6 grams of potas- 
sium cyanate. A white precipitate forms, which redissolves on 
heating gently on the water-bath. After digesting for an hour, 
the solution is allowed to cool, causing the separation of a white, 
flocculent precipitate. M'hen cold, this precipitate changes over 
into a mass of fine needle crystals, at the same time producing 
a peculiar crackling sound, sufficiently loud to be heard at  a 
considerable distance. As nearly as could be learned without 
special study, this sound is produced by a change iii crystalline 
condition. IVhen the compound is crystallized from water solu- 
tion its melting-point also shows some peculiarities The com- 
pound usually softens very slightly at  about IOO', then imme- 
diately hardens and melts at about 160". By recrystallization 
from a mixture of ethyl acetate and petroleum ether it is obtained 
in nearly white, microscopic needles, which melt at 160~-162~ 
(corr. ) .  

wCyanphenylurea is easily soluble in cold absolute alcohol, 
methyl alcohol, acetone and ethyl acetate. It is slightly soluble 
in hot chloroform, and insoluble in petroleum ether, ether, carbon 
tetrachloride, carbon disulphide and benzene. 

il determination of nitrogen gave 25.82 per cent. N. Calculated, 
26.08 per cent. 

1 Antr Chem (Lieblg), 153. b3 
2 Zlsch? Chem., 1868, 389. 
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in-Cya?zcarbanilide, 
NHC,H,CN 

NHC,H, 
o=c( 

" "  

-Kuhnl and Paalz have prepared the acid, phenyl-m-uramido- 
benzoic acid, corresponding to this nitrile, but neither the amide 
nor the nitrile are described in the literature. 

For the preparation of the nitrile 5 grams of m-aminobenzo- 
nitrile are dissolved in dry benzene and to the cold solution 5 grams 
of phenyl isocyanate are added. The mixture becomes warm 
and, on cooling, a mass of fine white needles is deposited. This 
product is recrystallized from alcohol, forming beautiful white 
needles, which melt at 170.5O-171' (corr.), undergoing decom- 
position at the same time. The substance is easily soluble in cold 
absolute alcohol, methyl alcohol, ethyl acetate and acetone. It is 
slightly soluble in hot water and insoluble in petroleum ether, 
chloroform, carbon tetrachloride, ether, benzene and carbon disul- 
phide. 

A determination of nitrogen in the substance gave 17.61 per 
cent. N. Calculated, 17.72 .  

The decomposition of m-cyancarbanilide, on heating to its melt- 
ing-point, seemed to present some interest, and a special study 
of this reaction was made. When a quantity of material is heated 
to about 175' in an oil-bath it first melts and then boils with the 
liberation of phenyl isocyanate, and if the temperature is raised 
somewhat higher aniline may also be distilled off. Sometimes 
these vapors reunite in the colder parts of the tube, giving a 
deposit of carbanilide. There is left behind, after the reaction is 
completed, a yellowish, glassy mass which, on recrystallization 
from alcohol, yields white needles, melting at 199'. These were 
found to be identical in every respect with the di-m-cyancarb- 
anilide produced by another method. The decomposition may, 
therefore, be represented by the following equation : 
H,C,NH. CO. N H C,,H,CN 

- - 
H,C,NH. CO.NHC,H,CN 

N H  C,H,C N 

N H C,H,C N 
o=c\ / + C,H,NH, + C,H,NCO. 

1 Brr. d.  chem. Ges., 17, 2 % ~ .  

1 lbid., 27, 979. 
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Di-m-cyanrarba,iiliile, 
NHC,H,CN 

NHC,H,C?\' 
o=c( 

-The acid and amide corresponding to this nitrile have been in- 
vestigated by Griess,I Traube,2 Schiff3 and others. 

In  our work it n a s  found possible to obtain the nitrile by a 
number of reactions. 

( I )  By heating nz-cyancarbanilide above its melting-point, as 
described above. 

(2) By heating I gram of m-aminobenzonitrile and 1.3 grams 
of m-cyanphenylurea to I j0~-200~ for three hours. Ammonia 
is liberated during the reaction and there is left a yellowish oil. 
which solidifies on cooling. This is dissolved in alcohol, treated 
with bone-black and allowed to crystallize. The crystals thus ob- 
tained correspond in every way to those obtained by the other 
methods, and melt sharply at 1%'. The reaction is represented 
by the equation, 

NHC,H,CN NHC,H,CN 

"* NHC,H,CN 
(3)  The most direct and convenient method for the preparation 

of the di-m-cyancarbanilide was found to be from phosgen. 
T o  5 grams of m-aminobenzonitrile, dissolved in about 20 cc. 

of pyridine, were added IO cc. of a 20 per cent. solution of phos- 
gen in toluene. Considerable heat is liberated in the reaction 
and after heating for a few minutes, the mixture is cooled and 
a large volume of water added. As a result, there is obtained 
a white, crystalline mass which, on recrystallization from dilute 
alcohol, yields fine, white needles, showing a great tendency to 
mat down into a compact mass. The product thus obtained melts 
at 198'-19g0 (corr.). The substance is easily soluhle in cold 
ethyl acetate, absolute alcohol, methyl alcohol avd acetone. It 
is slightly soluble in hot water and is insoluble in petroleum ether, 
chloroform, ether, carbon tetrachloride and carbon disulphide. 

Calcu- 
lated, 21.37 per cent. 

o=c( +H,NC,H,CN=O : C( +",. 

An analysis of the substance gave 21.42 per cent. S. 

1 Zfschr. Chrm.. 1868, 650 
2 Brr d chem G e s ,  15, 2128 
8 A n n  Chcm (Liebig), 33a, 140 
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m-Cyaiztlaiocarbanilide, 
NHC,H,CN 

s=c( 
NHC,H, \ 

-The acid corresponding to this nitrile has been prepared and 
studied by Rathke and Schaeferl and Aschan,* though there are 
some wide discrepancies in the results obtained by the two in- 
vestigators. 

Considerable difficulty was experienced in obtaining the nitrile 
in pure condition, largely due to its great tendency to separate 
from most solvents either as a thick yellow oil or soft warty 
masses of crystals. The condensation was brought about in a 
number of ways : Ry heating qui-molecular quantities of phenyl 
mustard oil and m-ainiiiobenzonitrile together without a solvent, 
heating the same in benzene solution, in alcoholic solution and, 
finally, in an isoamyl alcoholic solution. This last method gave 
by far the best results and was the one finally adopted. 

T o  a solution of 5 grams of wz-aminobenzonitrile in 50 cc. of 
isoamyl alcohol were added 5 grams of phenyl mustard oil and the 
mixture heated to boiling for about fifteen minutes. The reaction- 
mixture was allowed to stand in a cold place for some time, when 
8 grams of a light yellow, crystalline mass separated out. This 
was washed free of the amyl alcohol with gasoline, dried on a 
porous plate, and finally recrystallized by dissolving in hot chloro- 
form and adding petroleum ether until the solution became milky. 

The m-cyanthiocarbanilide separates from its chloroform solu- 
tion in light yellow, microscopic, rhombic crystals, melting at 
143”-144’ (corr.). It is very easily soluble in cold acetone and 
hot ethyl acetate, absolute alcohol. methyl alcohol and chloroform. 
I t  is slightly soluble in hot carbon tetrachloride, ether and carbon 
disulphide, and insoluble in petroleum ether. 

A determination of the sulphur in the compound gave 12.70 
per cent. S. Calculated, 12.64 per cent. 

Several attempts were made to hydrolyze the nitrile to the 
corresponding amide, which is not described in the literature, 
but the compound suffers decomposition on heating with hydro- 
gen peroxide, even in a neutral solution, phenyl mustard oil being 
liberated. 

I Ann.  Chem. ( t iebig) ,  169, 106. 
2 Brr d chcni. Ges ~ 17, 428. 
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I t  was also found impossible to obtain the di-nz-cyanthiocarb- 
anilide. The usual reaction with carbon disulphide and alkali 
was tried with negative results. It was then tried to bring about 
a reaction between m-aminobenzonitrile and sodium xanthogenate, 
but without result. Finally, thiourea and the aminonitrile were 
heated together, but no product corresponding to the carbanilide 
could be obtained. 

On heating the m-cyanthiocarbanilide above its melting-point 
it undergoes decomposition and pure crystals of thiocarbanilide 
were obtained, hence the decomposition is probably analogous to 
that of the fit-cyancarbanilide described above. I t  was not found 
possible, however, to isolate anything from the reaction-prodwt 
corresponding to the compound sought. 

DERIVATIVES OF OXALIC ACID. 

Various acids and amides produced by the condensation of 
ur-aminobenzoic acid and its amide with oxalic ethyl ester have 
been prepared and described by Schiff1 and Griess.* Schiff pre- 
pares his derivatives by condensation with oxalic ester, while 
Griess obtained some of the same compound through the hydrol- 
ysis of the compound, cyancarbimidaminobenzoic acid, 
NHC,H,CO.OH 

I 
C N H  
I 
CN 
m-aminobenzoic acid. 
in the literature. 

, which results on passing cyanogen into 

The nitriles, however, are not described 

Oxal-m-cyatzanilic Acid Ethyl Ester, 
CO. B HC,H,CN 
I 

CO. OC,H, 
-For the preparation of this ester 6 grams of m-aminobenzo- 
nitrile and 8 grams of ethyl oxalate were heated together for eight 
hours in a flask surrounded by boiling water. The reaction takes 
place with the liberation of alcohol and proceeds much more rap- 
idly if the alcohol vapor is removed from the flask, from time to 
time, by a current of dry air. After from two to three hours’ 
heating the reaction-product begins to separate as a fine crystal- 

1 A n n .  Chcm (Liebig). 232, 129 
B n .  d .  chem. GCA , 18,  2410 
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h e  powder, which continues to form until the whole mass be- 
comes solid. At this point the flask is removed and the product 
washed with cold alcohol to remove the slight excess of oxalic 
ester and a small amount of a brown coloring-matter formed 
during the reaction. The fine, white, crystalline mass is then re- 
crystallized from boiling alcohol, yielding usually about IO grams 
of the pure product. 

Oxal-m-cyananilic acid ethyl ester forms short needle crystals 
of a pure white color, melting sharply at 148"-148.5" (corr.). It 
is easily soluble in cold acetone, ethyl acetate and chloroform, and 
in hot absolute alcohol, methyl alcohol and benzene. I t  is slightly 
soluble in hot water, carbon tetrachloride, carbon disulphide and 
ether, and insoluble in petroleum ether. 

When heated above its melting-point it undergoes decomposi- 
tion with the liberation of oxalic ester and formation of oxaldi-m- 
cyananilide, a reaction analogous to the one discovered by Schiff1 
for the corresponding acid. Before this was known, much diffi- 
culty was experienced in the preparation of the ester because it 
was attempted to bring about the condensation by heating the 
aminonitrile and the oxalic ester at the boiling-point of the latter. 
T w o  products were always obtained, the compound sought and 
the dicyananilide, but the main portion consisted of products 
which could not be separated. By bringing about the reaction at 
moo, as above described, the oxal-m-cyananilic ester is the sole 
product formed. 

The analysis of the compound gave: C, 60.69; H, 4.55. Cal- 
culated : C, 60.55 ; H, 4.59. 

m-Cy anpheny lommide, 
CO. NHC,H,CN 

CO. NH, 
I 

-The acid and amide corresponding to this nitrile have been 
prepared by Schiff1 and Griess.' 

For the preparation of the compound 2 grams of the oxal-m 
cyananilic ester are heated in a beaker on the water-bath with 
about 20 cc. of concentrated ammonia solution. The reaction 
begins in the cold and is completed after a few minutes' heating 

' L O C .  cat. 
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on the water-bath. The heating is continued until the excess of 
ammonia is removed and the white, silky mass of the amide is 
then recrystallized from hot alcohol from which it separates in 
white, pearly flakes. The pure compound melts sharply at 245'- 
246" (corr.). It is easily soluble i n  boiling acetone, ethyl acetate, 
glacial acetic acid, absolute alcohol and methyl alcohol. I t  is 
very difficultly soluble in hot water and is insoluble in hot benzene, 
ether, petroleum ether, chloroform, carbon tetrachloride and car- 
bon disulphide. 

When heated above its melting-point it undergoes decmposi- 
tion analogous to that of the oxal-m-cyananilic ester, oxamide 
subliming into the cool parts of the tube and oxaldi-m-cyananilide 
remaining behind. 

,4n analysis of the wz-cyanphenyloxamide gave : C, 57.32 ; H, 
3.95. Calculated: C, 57.14; H, 3.70. 

0 xal-m- cy aiianilide, 
CO.NHC,H,CN 

CO. NHC,H, 
I 

-The corresponding acid and amide have been prepared by SchiffP 
by heating the ester with aniline. 

On boiling an aniline solution of oxal-m-cyananilic ester for 
a half hour and cooling, a crystalline mass was obtained which 
consisted mostly of the unchanged ester with a small amount of 
the m-cyananilide sought. Since the reaction takes place so 
slowly, various condensing agents were tried and of these an- 
hydrous zinc chloride was found to give entirely satisfactory re- 
sults. 

To  the aniline solution, as given above, a little anhydrous zinc 
chloride was added and the mixture boiled for ten minutes, cooled 
and then alcohol was added. A white, crystalline precipitate 
separated, which was recrystallized from alcohol. 

Prepared in this way, the oxal-vvb-cyananilide forms fine, white, 
silky needles, which melt at 205"-206~ (corr.). I t  is easily solu- 
ble in cold acetone and in hot ethyl acetate, absolute alcohol, methyl 
alcohol, chloroform and benzene. I t  is insoluble in petroleum 
ether, carbon tetrachloride, carbon disulphide, ether and water. 

' LOG C t l  
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Oxaldi-m-cyananilid e, 
CO.NHC,H,CN 

CO.NHC,H,CN 
I 

487 

-SchifT and Griess have also prepared the acid and amide corre- 
sponding to this nitrile. 

In this work it was found that a number of reactions would 
give the dicyananilide, though not all could be used as methods 
of preparation. 

( I ) As previously mentioned, when oxal-m-cyananilic ester 
is heated above its melting-point it suffers decomposition. Ethyl 
oxalate distils off and oxaldi-m-cyananilide remains behind as a 
fine, white, granular mass, hence the reaction probably takes place 
according to the equation : 

C,H,O. OC. CO. NHC,H,CN CO. OC,H, CO. NHC,H,CN 

C,H,O. OC. CO. NHC,H,CN CO. OC,H, CO. NHC,H,CN 
If, however, the heating is not very carefully performed, more 
deep-seated reactions take place and pure products are not ob- 
tained. 

( 2 )  On heating m-cyanphenyloxamide it decomposes in the 
same way as the ester above, oxamide subliming into the cold 
part of the tube and the cyananilide remaining behind as a crystal- 
line powder. 

( 3 )  Though the compound sought is formed in each of the 
above reactions, neither is satisfactory as a method of preparation. 
I t  is easily prepared by gently melting equimolecular quantities of 
oxal-m-cyananilic ester and m-aminobenzonitrile in the presence 
of anhydrous zinc chloride. The reaction takes place smoothly 
and the resulting crystalline mass is recrystallized from hot aniline 
or amyl alcohol. I t  is thus obtained as a fine, crystalline powder, 
which does not melt at 3m0, but turns very slightly brown in 
color. It is soluble in hot glacial acetic acid, aniline and amyl 
alcohol. I t  is slightly soluble in hot absolute alcohol, methyl 
alcohol and acetone, and insoluble in benzene, chloroform, carbon 
tetrachloride, carbon disulphide, ether, ethyl acetate and p e t m  
leum ether. 

= I  + I  
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DERIYATIVES O F  SC'CCINIC .ACID. 

Muretowl prepared the compound, 
C H,CO, 

C H,CO 
/XC,H,CO. OH.  

which he called succinaminobenzoic acid, by heating m-amino- 
benzoic acid and succinic acid at 200~. By digesting this com- 
pound with barium hydroxide solution, he found the imide r ing  
was easily opened with the production of the dicarboxylic acid, 

CH,CO. ?;HC,H,CO.OH 

CH,CO. O H  

CH,CO. NHC,H,CO.OH 

CH,CO.OC,H, 

i 
PellizzariZ obtained the monoethyl ester, 

i > 

of the above acid, by condensing succinic ethyl ester with m-amino- 
benzoic acid. From this ester he obtained the amide and finally 
the acid which corresponded in every way with the one previously 
obtained by Muretow. O n  heating this acid above its melting- 
point it lost a molecule of water, giving the succin-m-amine 
benzoic acid of Muretow. As the nitrile and amide derivatives 
corresponding to these compounds are not described in the liter- 
ature, it seemed of interest to prepare some of them and study 
their properties. 

Sziccin-.)n-cya?zanalic Acid, 
CH,CO. NHC,H,CN 

CH,CO.OH 
I 

--4fter numerous attempts it was found impossible to produce 
the ester of this acid by condensing succinic ethyl ester with 
m-aminobenzonitrile, as Pellizzari had done with m-aminobenzoic 
acid. Even anhydrous zinc chloride failed to bring about the 
reaction and the method was abandoned. 

It was found, however, that quantitative yields of the acid could 
be readily obtained by the following method, based upon that 
used by AuwersS in the preparation of the succinnitranilic acids. 

A boiling, saturated solution of 4 grams ( I  mol.) of succinic 
11. Russ. Cheni. SOL., 4 ,  a9j. 
1 Gazr. chim. i tal . ,  15, 547. 
3 A n n .  Chem. (Liebig), 292, i s h .  
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anhydride in chloroform is prepared, requiring about 200 cc. of 
chloroform. Benzene may be used in place of the chloroform, but 
the anhydride is somewhat more soluble in the latter. To this 
solution is added 4.7 grams ( I  mol.) of In-aminobenzonitrile in 
about 50 cc. of chloroform or benzene, and the mixture main- 
tained at the boiling-point of the solvent. Usually after boiling 
a few minutes the solution will become slightly turbid and then 
the whole of the reaction-product suddenly crystallizes out of 
the solution. Sometimes, however, the solution will remain clear, 
i n  which case the boiling must be continued until the crystalliza- 
tion occurs. When the reaction is complete the mixture is cmled 
and filtered, giving a yield of about 7.5 grams of nearly pure 
succin-qn-cyananilic acid in the form of fine, glistening needles. 
An additional small amount of the substance may be obtained 
from the mother liquor, if desired. The acid is recrystallized from 
hot water or from a mixture of ethyl acetate and petroleum ether. 
The  following equation represents the formation of the compound : 

CH,CO, HNC,H,CN CH,CO. HNC,H,CN 
= I  

CH,CO.OH 
I / o+  I 

CH,CO H 
Succin-rvt-cyananilic acid crystallizes in silky flakes, which melt 

a t  132O-133~ (corr,) ,  I t  is easily soluble in cold ethyl acetate, 
acetone, absolute alcohol and methyl alcohol. It is slightly soluble 
in hot chloroform, and is insoluble in ether, carbon disulphide, 
carbon tetrachloride, petroleum ether and benzene. 

Silver Salt of Succin-m-cyaizanilic Acid, 
CH,CO. NHC,H,CN 

CH,CO.OAg 
I 

-The silver salt was prepared in the usual way by exactly neu- 
tralizing the acid with ammonia and to the hot solution adding 
silver nitrate solution in slight excess. The salt forms fine, color- 
less needles, nearly insoluble in cold water, but fairly soluble in 
hot water. The dry salt is fairly stable in the light. 

A determination of the silver content by ignition gave 33.07 
per cent. Ag. 

Calcium Salt of Succin-nt-c?iananil~~ Acid, 
Calculated, 33.23 per cent. 

CH,CO. NHC,H,CN 
I ) ,Ca.qH,O, ( CH,CO. 0. 
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-The calcium salt was formed by adding an excess of pure 
calcium carbonate to the hot aqueous solution of the acid, filtering 
and' allowing to crystallize. I t  crystallizes from water in fine, 
white needles, containing 4 molecules of water of crystallization. 

By ignition of the salt to the oxide the following was ob- 
tained : 7.31 per cent. Ca. Calculated, 7.3 j per cent. 

Succin-m-cyananilic Acid Mefhyl  Ester, 
CH,CO. NHC,H,CS 

CH,CO.OCH, 
--This ester was prepared by dissolving the acid in absolute 
methyl alcohol and passing dry gaseous hydrochloric acid into 
the cold solution until saturated. After cooling, water was cau- 
tiously added, care being taken to avoid a rise in temperature be- 
fore the hydrochloric acid had become diluted. On the addition 
of the water the ester separates in very fine crystals, which are 
best recrystallized from dilute methyl alcohol. The pure ester 
forms long, slender needles, melting at 88"-89" (corr.). I t  is 
easily soluble in cold absolute alcohol, methyl alcohol, acetone, 
ethyl acetate and chloroform. It is easily soluble in hot benzene 
and carbon tetrachloride, and somewhat soluble in hot ether. 
The ester is insoluble in petroleum ether and carbon disulphide. 

Succin-m-cyananilic Acid Ethyl Ester, 
CH,CO.NHC,H,CN 

CH,CO.OC,H, 
I 

-The ethyl ester was prepared in the same way as the methyl 
ester, and on the addition of water to its alcoholic solution was 
obtained in fine, white needles. These may be recrystallized from 
dilute alcohol or best by dissolving in a very small amount of 
hot benzene and then adding just sufficient petroleum ether to 
cause a slight milky appearance. After standing some time, this 
solution will deposit long, delicate, colorless needles of the pure 
ethyl ester, melting sharply at 84"-84.5' (corr.). The ester is 
very easily soluble in cold absolute alcohol, methyl alcohol and 
chloroform, and in hot benzene, carbon tetrachloride and water. 
It is insoluble in petroleum ether. 

Saiccin-m-cyananilic Anaide, 
CH2C0.NHCf3H4CK 

1 
CH,CO.NH, 
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-The amide may be prepared by treating either the methyl or the 
ethyl ester with concentrated ammonia water, and boiling gently 
until all the oily drops have dissolved. The excess of ammonia is 
then gently evaporated, the solution filtered and allowed to cool. 
The amide crystallizes from this solution in glistening plates, 
which are purified by recrystallization from hot water. The pure 
substance is obtained in fine, white, glistening plates which, if 
heated quickly, melt rather sharply at 184" (corr.). Immediately 
upon melting, the mass begins to boil with the evolution of am- 
monia and the formation of succin-m-cyananil. If the melting- 
point is taken by heating the substance very slowly, according to 
the usual method, it begins to decompose at a lower temperature 
and the melting-point is lowered to about 17go-18o0 (corr.). 

The amide is very soluble in hot water and only slightly in cold. 
I t  is soluble in hot absolute alcohol, methyl alcohol, acetone and 
ethyl acetate, and insoluble in petroleum ether, ether, carbon disul- 
phide, carbon tetrachloride, chloroform and benzene. 

Succin-m-cyannizilic Acid Chloride, 
CH,CO. NHC,H,CN 

CH,CO.Cl 
1 

-This chloride is difficult to prepare because of its marked tend- 
ency to lose hydrochloric acid and pass into the m-cyananil, but 
after numerous attempts it was finally obtained. To prepare it 
phosphorus pentachloride and the acid are ground up together 
and allowed to stand for several hours in the cold, or with only 
very gentle warming. The mass gradually softens to a pasty 
consistency and is then extracted with hot chloroform which dis- 
solves the acid chloride. On cooling, the chloroform solution 
deposits nearly white, shining needles of the chloride, melting 
sharply at 80" (corr.) . At a slightly higher temperature the sub- 
stance boils with the evolution of hydrochloric acid gas and passes 
into the m-cyananil. 

Owing to the difficulties in the preparation of the chloride 
an analysis was not made, but it was thought that the properties 
and reactions of the compound were sufficient to identify it as 
the one sought. 

An attempt was made to convert the acid chloride into the methyl 
%ester by dissolving in absolute methyl alcohol. On cooling, fine, 
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white crystals separated, but these were identified as those of the 
wcyananil, melting at 137O-137.5' (corr). This reaction illus- 
trates the extreme ease with which hydrochloric acid is liberated 
from the molecule of the chloride and satisfactorily explains the 
difficulty of its preparation from the acid. 

Szr ccin-m-cy an a d ,  

CH,CO 
1 )NC,H,CN. 

CH,CO 
-This compouiid, the nitrile of the acid prepared by Pellizzari' 
and called by him succinamidobenzoic acid, is obtained, as already 
described, by the removal of hydrochloric acid from the molecule 
of the chloride of succin-$92-cyananilic acid, of ammonia from that 
of succin-m-cyananilic amide and of water from that of succin- 
m-cyananilic acid. 

The compound is very easily prepared in pure condition by the  
latter reaction, especially if a dehydrating agent is used. T h e  
best method of procedure is to dissolve the succin-m-cyananilic 
acid i n  acetic anhydride and distil off the excels of anhydride and 
acid. A somewhat brownish glass is left, which, on the addition 
of water, changes to a white crystalline mass. This is dissolved 
in hot water and allowed to crystallize. The pure ani1 is thus 
obtained in brilliant colorless needles, melting sharply at 137'- 
137.5' (corr.). I t  is easily soluble in cold chloroform, ethyl 
acetate and acetone, and in hot benzene, absolute alcohol, methyl 
alcohol and water. I t  is slightly soluble in hot ether, carbon tetra- 
chloride and carbon disulphide, and is insoluble in petroleum ether. 

The analysis of the compound gave: C, 66.05; H, 4.17; N, 
~4.08. 

.Sz I c c iiz -912 - c orb OPT, i '1.1 ai oi 12 c i2 ch i ,  
Calculated: C, 66.00; H, 4.00; N, 14.00. 

CH,CO. XHC,H,CO. NH, 

CH,CO.OH 
I 

-One gram of suscin-ill-cyananil was digested at 80"go" for 
a b u t  one-half hour with -30 cc. of a 3 per cent. solution of hydro- 
gen peroxide and sufficient oodium hydroxide to render the solu- 
tion slightly alkaline. It was intended to hydrolyze the nitrile 
group to the amide according to the general reaction. n e  com- 
pound, however, dissolved in the hut solution and, on d i n g ,  no 

1 Lor  c t /  
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crystals were deposited. As it was expected that the amide sought 
would be quite insoluble in cold water, the solution was examined 
carefully and found to contain the sodium salt of the succin-m- 
carbaminanilic acid. On acidifying with acetic acid the free acid 
was obtained in the form of colorless microscopic needles, which 
melt at 2 0 3 O - 2 0 5 ~  (corr.). After a number of trials it was found 
that hydrogen peroxide alone will not hydrolyze the nitrile group 
in the m-cyananil and the introduction of even a very small 
amount of alkali causes not only the hydrolysis of the nitrile to 
the amide, but also the opening up of the imide ring with the 
formation of an anilic acid derivative, according to the equation : 

CH,CO. NHC,H,CO. N H  
~HzCo)NC6€T,CN + H,O + NaOH = 1 
CH,CO CH,CO.ONa 

The acid thus produced is soluble in hot water and slightly 
soluble in hot absolute alcohol, methyl alcohol, ethyl acetate, 
chloroform, acetone and benzene. It is insoluble in carbon tetra- 
chloride, carbon disulphide, petroleum ether and ether. 

Silver Salt of Succin-m-carbaminanilic Acid,  
CH,CO. NHC,H,CO. NH, 

CH,CO.OAg 
I 

-The silver salt was made in the usual way as described for the 
silver salt of succin-m-cyananilic acid It precipitates from the 
hot solution in fine, white, silky crystals, which are not readily 
changed by the light. The silver content was determiaed by 
ignition, which gave 31.45 per cent. Ag. Calculated, 31.45 per 
cent. 

CHLORAL AKD BBOMAI, DERIVATIVES. 

Chloral readily forms condensation products with aromatic 
amines and these products have been the subject sf investigation 
by various workers. Wallachl describes the condensation of 
chloral and aniline with the production of trichlorethylidene- 

NHC,H, 

NHC,H, 
diphenamine, CCl,CH< . I n  1898 Eibner' carefully 

studied the reaction between Jiphatic aldehydes and aromatic 
1 Err. d. a h m .  Ges., .$- a51, and Ann.  Chem. (liebig), 173, 278. 
2 Ann.  C h m .  (Liebig), 3 ~ ,  335. 
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amines and their substitution products and, as a result of his 
work, was able to state that the true tertiary Schiff bases are not 
produced with aliphatic aldehydes and aromatic amines, if either 
are substituted by negative groups. In general, this seems to be 
true, although Niementowski and Orzechowskil describe the de- 

rivative of anthranilic acid, C,H,\ , which is a true 

Schiff base. 
The action of chloral on the nitranilines has been investigated 

by Eibner,* and by Wheeler and \.Velle~-.~ The former obtained, 
with p-iiitraniline, two classes of substances, an addition prod- 

,CO.OH 

N : CHCC1, 

.OH 
uct, CCI,CH( ~ , and a condensation product, 

NHC,H,NO, 
NHC,H,NO, 

NHC,H,NO, 
CCl,CH( 

rivatives of the latter class. 

. Wheeler and Weller describe only de- 

Trichloroxyeth?:lidene-.m-cyanpIienamine, 
O H  

KHC,H,CN 
CCl,CH< 

--Anhydrous chloral was prepared by distilling a mixture of 
chloral hydrate and concentrated sulphuric acid. For the prepara- 
tion of the addition product 5 grams ( I  mol.) of m-aminobenzc- 
nitrile were dissolved in a mixture of dry gasoline and a small 
amount of ether. To this solution, cooled in ice-water, were 
added 6. j grams ( I mol.) of chloral, diluted with 15 cc. of dry 
gasoline. The chloral must be added slowly and care taken to 
avoid a rise in the temperature of the solution. After standing 
about five minutes, salmon-colored, granular crystals begin to 
form. The crystallization is complete in a few minutes, and there 
are usually obtained a b u t  10.5 grams of the reaction-product. 
This is recrystallized by dissolving in ether and then adding 
about three volumes of gasoline and evaporating in a current of 
air dried by sulphuric acid. The addition product, obtained in 
this way, forms short, prismatic crystals, which melt at 102~-103~ 

1 RE?: d c h f m  Gcs , 2 8 ,  2812 
9 A n n  Chcm. (Liebig) 302. 335 
3 This Journal 24,  ioh? 
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(corr.), decomposing as described below. At 106" the mass be- 
comes solid and remelts at about 165'. 

It 
is very soluble in cold absolute alcohol, methyl alcohol, acetone 
and ether. Less easily in cold benzene, carbon tetrachloride and 
chloroform, and only slightly soluble in cold petroleum ether. 

A determination of chlorine gave 39.69 per cent. Calculated, 
40.04 per cent. 

I t  was thought that on heating, the addition product might 
lose water with the formation of the Schiff base, 

CC1,CH : NC,H,CN, 
but on trying the reaction, chloral and water were liberated and 
the resulting product was found to be the diphenamine derivative 
to be described below.' Hence the decomposition on heating takes 
place according to the following equation, and is analogous to 
that of the p-nitraniline derivative, as given by Eibner.' 

The substance dissolves with decomposition in hot water. 

CCI, 
I 
I 

HO-C-NHC,H,CN 

NHC,H,CN O H  H 

H NHC,H,CN OH' 
= CCl,CH( + CCl,CH( 

I 

I 
CCl, 

HO-C-NHC,H,CN 

This same decomposition was found to take place on attempting 
to recrystallize the substance from hot solvents, as for example, 
boiling carbon tetrachloride. Hence it is essential to proceed 
according to the method described for the purification of the com- 
pound. 

Trichlorethylideizedi-?n-cyanphenanzine, 
NHCeH4CK 

NHC,H,CN 
CCl,CH( 

-This compound results on heating the addition product above 
its melting-point, as just described, but is best prepared by dis- 
solving 5 grams ( 2  mol.) of na-aminobenzonitrile in about 150 cc. 
of toluene and adding 3.1 grams (I mol.) of anhydrous chloral 

' L O C .  C l l .  



496 MARSTON T. BOGERT AND HAL T. BEANS. 

in about 50 cc. of toluene. The mixture becomes warm and the 
flask is at once connected with a return condenser, the contents 
boiled for a few minutes and then distilled down to small volume. 
A reddish, granular mass of crystals separates, usually weighing 
about 6 grams. The reaction product is purified by dissolving 
in boiling alcohol, treating with bone-black and, after diluting 
the alcohol with about one-third its volume of water, allowing 
the solution to crystallize. The pure product thus obtained forms 
white, needle crystals or sometimes feathery plates, which gradu- 
ally darken on heating, and melt to a tar at 162"-163' (corr.). 
If rapidly heated, the gradual charring can be partially prevented 
and the melting-point is then raised to 165'-167" (c0rr.j. The 
compound is soluble in  cold ethyl acetate and acetone, and in hot 
chloroform, absolute alcohol, methyl alcohol and benzene. It is 
insoluble in petroleum ether, water, ether, carboii tetrachloride 
and carbon disulphide. 

It was found possible also to prepare the substance by melting 
the aminonitrile and chloral hydrate together in the proportion 
of two molecules of the former to one of the latter. The melt is 
maintained at a temperature just above 100" for about thirty min- 
utes. On cooling, the reaction product separates, but is usuallv 
considerably colored and more difficult to purify than that obtained 
by the use of anhydrous chloral. 

Calcu- 
lated, 29.08 per cent. 
h determination of chlorine gave 29.17 per cent. C1. 

Tribroinethylidenedi-m-cyaiaphenamine, 
NHC6H4CK 

'N HC,H,CK 
CBr,CH' 

Although the action of chloral on aromatic amines has been the 
subject of numerous investigations, the action of bromal on the 
same compounds does not appear to have been tried. 

Anhydrous bromal is much more difficult to prepare than the 
chloral, but after a number of trials it was found that the con- 
densation between the aminonitrile and bromal hydrate could be 
readily effected if sufficient care as to conditions was observed. 
This method renders the preparation of the anhydrous bromal 
unnecessary and greatly simplifies the process. 

For the preparation 3 grams ( 2  mol.) of m-aminobenzonitrile 
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and 3.8 grams ( I  mol.) of bromal hydrate are heated together 
in a flask on a water-bath, which is kept just below the boiling- 
point. Soon after the substances have melted drops of water 
begin to separate throughout the mass. From time to time the 
flask is removed from the heat and the water, which has separated, 
is removed by drawing a current of dry air through the flask, 
after which the heating is continued until more water has formed. 
The reaction is complete when the contents of the flask have 
changed to a nearly white, granular, crystalline mass. The yield 
of the product thus obtained is nearly quantitative and if proper 
precautions have been observed, it is obtained practically pure by 
digesting a few minutes with petroleum ether to remove the slight 
excess of aminonitrile. The product is best recrystallized from 
absolute alcohol, but shows a marked tendency to liberate bromine 
when heated in any solvent, hence much care is necessary in its 
purification. If the reaction-product from the condensation is 
nearly colorless, it is usually better not to attempt to purify it 
further than with petroleum ether, as given above. 

The substance thus prepared does not melt on heating, but 
suddenly chars to a black tar at a b u t  130'. It is easily soluble 
in cold acetone, and slightly soluble in hot ethyl acetate, absolute 
alcohol, methyl alcohol, benzene, chloroform, carbon disulphide 
and carbon tetrachloride. I t  is insoluble in petroleum ether and 
ether. 

Wheeler and Gleenl have shown that trichlorethylidenedi-j- 
nitrophenamine, on treatment with alcoholic potash, has one chlo- 
rine atom replaced by hydroxyl. Since the bromine derivative 
loses bromine so readily, it was thought that this replacement 
would occur much more easily than with the chlorine compound. 
On trying the reaction it was found that a practically quantitative 
separation of potassium bromide was obtained, but on evaporating 
the alcoholic solution in a vacuum desiccator only a small amount 
of a crystalline product was obtained and a brownish oil, having 
a distinct isonitrile odor, remained. After numerous attempts 
under various conditions, it was concluded that in the case of 
this compound the reaction takes a different course, giving a 
number of by-products, the nature of which has not been dis- 
covered . 

13. Eiisha Miichcll Sci. Soc., 19, 63. 
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ACTION O F  BROMINE O N  1%--4MINOBENZoh ITRILE. 

Griessl treated the aqueous solution of m-aminobenzonitrile 
with bromine water and obtained a precipitate of a bromine sub- 
stitution product which crystallized from alcohol in white needles. 
Griess does not describe the compound further. 

On adding bromine water to a dilute alcoholic solution of the 
aminonitrile, a bromine substitution product, identical with the 
one given by Griess, was obtained, but on repeated crystallization 
from various solvents it was found impossible to get a product 
of constant melting-point. The results usually obtained varied 
from 174' to 178". 

A determination of the bromine in the compound gave 66.86 
per cent. Br. Calculated for C,H,N,Br,, 67.60 per cent. Hence 
the substance is probably a mixture of bromine substitution 
products, consisting mostly of the tribrom derivative. 

On trying the same reaction in glacial acetic acid solution, using 
a solution of bromine in the same solvent, a product was ob- 
tained which showed a higher melting-point, but like the other, 
was not constant when crystallized from different solvents. How- 
ever, after repeated crystallizations from alcohol, long, brilliant, 
colorless needles were obtained, which melted at 177"-178" 
(uncorr.) . This substance, on analysis, was found to be a tribrom 
substitution product, as shown by the following results : Bromine 
found, 67.59 per cent. Calculated, 67.60 per cent. 

The tribrorn-m-aminobenzonitrile is easily soluble in cold ethyl 
acetate and acetone, and in hot absolute alcohol, methyl alcohol, 
chloroform, carbon tetrachloride and benzene. I t  is slightly solu- 
ble in carbon disulphide and ether, and insoluble in water and 
petroleum ether. 

The bromaminonitrile was saponified by heating 2 grams with 
30 cc. of concentrated hydrochloric acid in a sealed tube at 200' 
for ten hours. On opening the tube a clear solution was ob- 
tained which was evaporated to dryness on the water-bath, leaving 
a white residue almost completely soluble in dilute ammonia. 
From this solution dilute sulphuric acid precipitates the acid as 
a fine, white crystalline substance which, on recrystallization from 
water, gives a product melting rather poorly at 154"-156" 
(uncorr.). The melting-point of the only tribrom-m-aminobenzoic 

2 Bev d chem Ges I ,  192 
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acid, described in the literature, the 2-4-6-tribrom acid1, is given 
as 170.5" 

As it was found so difficult to obtain sharply melting products 
by this process of bromination, the ,work was suspended. I t  may 
be possible to obtain bromsubstitution products free of isomers 
by the method of bromination, so successfully used by Bogert and 
Hand2 in their work on the ortho compound, and the matter will 
be further investigated. 

ORGANIC LABORATORY, HAVEMEYER HALL,  
COLUMBIA UNIVERSITY, December. 1903. 

ON THE VELOCITIES OF THE IONS IN LIQUID AMMONIA 
SOLUTIONS. 

B Y  EDWARD c .  FRANKLIN AND HAMILTON P. CADY. 

Received February 03, 1904, 

OBJECT O F  T H E  RESEARCH. 

INVESTIGATIONS on the electrical conductivity of liquid ammonia 
solutions, interpreted in accordance with the theory of electrolytic 
dissociation, have led to the conclusion that while salts at ordinary 
dilutions are dissociated to a much greater extent in water than in 
ammonia, the ions, nevertheless, in the latter solvent, travel with 
much the greater speed, It was to measure directly the speeds of 
the ions in liquid ammonia and compare the results thus obtained 
with the ionic velocities calculated by the method of Kohlrausch 
from conductivity measurements that this research was under- 
taken. 

I3 ISTORICAL. 

Investigations on Liquid Ammonia.-In 1897, CadyS made the 
important discovery that liquid ammonia solutions of certain salts 
are excellent conductors of electricity, and in explanation of this 
fact he assumed that ammonia must approximate, or  probably 
even surpass, water in its power to effect electrolytic dissociation. 

The same opinion was expressed by Gcmdwin and Thompson4 
in a paper on the dielectric constant and electrical conductivity of 

1 B e .  d. chem. Ges., IO, 1jo8. 
2 This Journal, 25, 935. 

4 Phys. Rev., 8, 48 (1899). 
] O U T .  Phys. Chcm.. I ,  j o j  (1897) 


